In work environments with laboratory animals, the bedding of animals binds the excreta as well as other compounds originating from the animals and their environment. These may be generated into the ambient air when the personnel handle bedding in different procedures. This study compares the dustiness of different types of six clean and four soiled beddings from rat or mouse cages. The dust generation of clean bedding varied from <1 to 25 mg=m 3 . When used in the cages of rats or mice for 4 days, the dust concentration of the beddings decreased, increased or stayed the same, depending on the type of bedding and animal species. A decrease in dustiness was, however, more common. The levels in the soiled beddings varied from <1 to 8.6 mg=m 3 . In the case of the aspen chip bedding, the contents of bedding used in mouse, rat or rabbit cages were analysed for mesophilic bacteria and fungi, mycobacteria and endotoxins. All of these contaminants were variably found in the bedding samples, the maximal concentrations for bacteria were >6 500 000 colony-forming units (cfu)=g, for fungi 212 000 cfu=g, and for endotoxins 6500 ng=g (81 000 EU=g). The results showed that the bedding of laboratory animals may contain biologically effective compounds, and that these may be distributed into the ambient air depending on the characteristics of the bedding material. The dustiness of different bedding types is an important factor affecting the amount and quality of the occupational exposure of the personnel to airborne contaminants.
The occupational risks in laboratory animal facilities include exposure to airborne dust particles via the respiratory tract. The bedding of animals is the main source of dust particles. Bedding is used to bind the animal excretions in order to keep their living environment dry and comfortable. Besides the faecal and urine excretions, the soiled bedding also contains fur, hairs and dander from the animals, as well as food particles. This provides a growth environment for bacteria and fungi. The contaminants in the bedding may be spread with the dust particles to the breathing zone of the personnel when various care or experimental procedures are carried out. Hence, the dustiness of bedding is a critical determinant of exposure to the risk factors which the bedding contains. In this study, different bedding types used commonly in Europe were analysed for their dustiness before and after use in animal cages.
The health risks originating from bedding are greatly dependent on the contaminants which the bedding may contain. The microbial growth in soiled bedding is natural: animals have their own microbial ora and their faecal wastes contain high amounts of intestinal bacteria, which may or may not grow in the bedding material. These, or the microbes originating from the environment, may include species with risk factors for the health of humans or animals. Fungal-induced rhinitis has, for example, been reported in rats grown on corncob contact bedding with a high fungal spore load (Royals et al. 1999) . Mycobacteria are common environmental bacteria, found also in the beddings and foods of animals (Beerwerth & Popp 1971 , Kleeberg & Nel 1973 , Songer et al. 1980 . In humans, they are known to cause pulmonary and other infections (Falkinham 1996) . They activate the immune system and they may also have a role in unspeci c respiratory infections caused by airborne bioaerosols (Moore et al. 2000) . Endotoxins from Gram negative bacteria are another known risk factor causing in ammatory changes in the respiratory tract (Rylander 1997) . Endotoxins are prevalent in agricultural environments, and are linked closely with animal maintenance (Jacobs 1997) . Even the endotoxins of domestic indoor environments are mainly explained by the presence of pet animals (Park et al. 2001 ). Recently, measurable amounts of endotoxin and (1 ! 3)-b-Dglucan (a cell wall component of moulds, certain bacteria and plants, Fogelmark et al. 1994) have been found in beddings made of wood chips and paper crumbs (Ewaldsson et al. 2002) . All these contaminants may spread into the air from dirty bedding and cause unwanted effects to both humans and experimental animals. In this study, the concentrations of mesophilic bacteria and fungi, mycobacteria and endotoxins were measured in bedding after use in the cages of most common laboratory animal species.
Besides the bedding analyses, airborne concentrations of inhalable and respirable dust and inhalable endotoxins were measured during the work activities in the animal rooms and bedding store to evaluate the levels of these contaminants in the workplace air.
Materials and methods

Animal facility
The animals were housed in conventional animal rooms of size 3.566.0 m, height 3.5 m, the ventilation rate being 8-15 times per hour, temperature 21 § 2¯C for rodents and 18 § 2¯C for rabbits. The relative humidity in the animal rooms was 50 § 10%. The air supplied into the rooms came from the centre of the ceiling, and the exhaust air was removed from both oor and ceiling level outlets. The animals in their cages were situated on racks near the walls. The animals were maintained in compliance with the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scienti c Purposes (1990) . The cages for mice (42622615 cm) and rats (48628620 cm) were made of stainless steel with a solid bottom and contact bedding. The cages for rabbits (69680646 cm) were of stainless steel wire with a perforated oor and trays with bedding underneath. The animals were under a circadian rhythm of 12=12, the lights on at 07:00 h. Their diet was an unautoclaved diet for mice and rats (R36) or for rabbits (K5) (Lactamin Ab, Sö dertä lje, Sweden). The bedding used was aspen chips (Tapvei Oyj, Kaavi, Finland) without autoclaving. The bedding came to the unit in plastic bags. In the bedding store (4.363.5 m, height 3.5 m), the bags were emptied into a large container, situated in a corner near the door. From this container the bedding was transferred to the animal cages or trays by the care personnel.
Dustiness of different beddings
For the analyses, bedding samples of different types, of various particle sizes and of various raw materials were taken for the comparisons. The beddings tested for their dustiness are listed and described in Table 1 and shown in Fig 1. The samples of clean bedding were taken from the bags, those of the Tapvei bedding also from the bedding container in the bedding store. Four bedding types were also tested after being used in the mouse and rat cages. Three mouse cages housed 11-13 C57BL=6J male mice, aged 11 weeks, and weighing 24-38 g at the beginning of the experiment. Respectively, the rat cages were housed by ve male Wistar rats, aged 8 weeks, and weighing 207-250 g. One litre of bedding was placed into the mouse cages and 1.5 l into the rat cages. After 4 days, the bedding was collected and its weight and volume were measured again, as were the weights of the animals. The moisture level of the bedding was evaluated: -no moisture, ‡ small moist area, ‡ ‡ moderate moist area. Moreover, the food intake of the animals per cage was followed by weighing the food before and after the test periods. The four bedding types were tested consecutively with the same animals. The differences in the weight gain of the animals and their food intake during the different bedding periods were tested using the Friedman's test. The weight gain was determined per cage: (sum of animal weights in the cage at the end of the period) 7 (sum of weights at the beginning)ˆweight gain=cage.
After use, the beddings from the three cages were put into one plastic bag and mixed well. From this bag, a 0.5 l sample was taken and analysed for dustiness using a rotating drum (Fogelmark et al. 1989 ) with a cylinder 70 cm long and 30 cm in diameter; containing eight mixing plates 5 cm in height. Half a litre of each bedding material was put into the cylinder after weighing, and the cylinder was rotated at a speed of 30 r=min for one minute at a time, at 10 min intervals. The aim of this procedure was to simulate the worker's dust exposure in an actual working situation as closely as possible: the spreading of the dust from the bedding material in the cylinder was attempted to make it similar to that caused by animals when the beddings are changed. The samples were collected at the end of the cylinder on membrane lters (Millipore AAWP 037) using a pump at a ow rate of about 2.3 l=min. The sampling time for each lter was 60 min, during which time the cylinder rotated for 6 min. The sampling procedure was performed three times consecutively for each bedding sample. The dust was analysed from the lters gravimetrically. The cylinder was washed thoroughly between the testing of different bedding materials.
Microbes and endotoxins in aspen chip bedding before and after use
The analysed bedding was the normal bedding type used in the animal unit, i.e. unautoclaved aspen chips (Tapvei Oyj, Kaavi, Finland) . Five cages for each species were taken to the study. The amounts of bedding placed into the cages were 150 g=cage for mice, 300 g=cage for rats and 520-570 g=cage for rabbits. In the mouse cages, there were four BALB=C females, aged 5-9 months and their weights varied from 21-33 g. Accordingly, the rats were Wistar females, three per cage, aged 7 months, and weighing 225-280 g. Dutch female rabbits, aged 8-10 months, weighing 2380-3330 g, were housed individually in their cages. The samples of clean bedding were taken from the bedding container in the bedding store, randomly from different places. The samples of dirty bedding were removed from the cages after 3 days: the bedding including the faecal pellets and possible feed particles in the mouse and rat cages were put into a plastic bag and mixed thoroughly. The total bedding was weighed, and samples of 20-150 g were taken for different analyses. The wastes in the mouse and rat cages were evenly spread with the bedding. By contrast, the excretions in the rabbit cage trays were situated in one corner where the bedding was very dirty and wet; the other parts of the trays being clean and dry. Since the dirty part of this bedding presumably led to the greatest exposure to contaminants, the samples were taken from this part. The sampling was focused on the bedding material but also included some faecal material.
For the analysis of total counts of viable fungi and bacteria, 5 g of each sample were extracted with 45 ml sterile dilution buffer (distilled water with 42.5 mg=l KH 2 PO 4 , 250 mg=l MgSO 4 67 H 2 O, 8 mg=l NaOH and 0 . 02% Tween 80 detergent). Microbes were detached from the bedding material by ultrasonication for 30 min and by shaking in a vertical shaker for 60 min. The dilution series were prepared. The samples were plated both on 2% malt extract agar (M2) and dichloran-18-glycerol agar (DG18) for viable fungi, and on tryptone-glucose-yeast agar for bacteria. The samples were incubated at 25¯C for 7 days for fungi, and at 20¯C for 5 and 14 days for bacteria and actinobacteria, respectively. The colonies were counted as cfu=g and the fungi were identi ed morphologically by genus with a light microscope. The total concentrations of viable bacteria and of actinobacteria were counted from the bacteria samples.
For the analysis of mycobacteria, the bedding materials were suspended in sterile dilution buffer, ultrasonicated and shaken to detach the microbes as described above. Mycobacteria were cultured directly from this suspension and its dilutions to the following growth media: (1) mycobacteria 7H11 agar with OADC enrichment (Difco Laboratories, Detroit, Michigan); (2-3) egg media supplemented with glycerol, pH 6.3 and 5.5; (4-5) egg media supplemented with Na-pyruvate, pH 6.3 and 5.5 (Katila & Mattila 1991) and (6) R2A agar (Difco Laboratories, Detroit, Michigan). The media 1-5 contained nystatin 100 mg=l. In addition, mycobacteria were cultured from 5 ml of the suspension using NaOH-oxalic acid method (0.7 M, 30 min-5%, 30 min) (Beerwerth 1967 ) and cetylpyridinium chloride method (0.05%, 30 min) (Neumann et al. 1997) for chemical decontamination of the samples. The decontaminated samples and their dilutions were inoculated to growth media 1-5 described above. All cultures were incubated at 30¯C for 2 months. The colonies were checked for acid-fastness by Ziehl-Neelsen staining and the acid-fast isolates were identi ed by gas liquid chromatography analysis of cellular fatty acids, alcohols and mycolid acid cleavage products and additional growth, and biochemical tests as described earlier (Torkko et al. 1998) . When necessary for differentiation, the isolates were tested by DNA probes (AccuProbe Mycobacterium avium complex identi cation test, GenProbe Inc., San Diego, California).
For the analysis of endotoxins, bedding samples of 2 g were suspended in 20 ml of pyrogen-free water and the solutions were shaken for one hour. After that 2 ml of solution was taken for analysis with a kinetic limulus amoebocyte lysate (LAL) method (Bio-Whittaker-QCL). The detection limit of the method was <0.005 ng=ml (0.05 EU=ml).
The differences between clean bedding and the beddings used for different animal species were tested with Dunnett's T3 multiple comparison test (SPSS for Windows, Release 10.0, SPSS Inc., Chicago, Illinois, USA).
Airborne dust and endotoxins in animal rooms and bedding store
Samples were taken from the mouse, rat and rabbit rooms as well as from the bedding store. The bedding used was Tapvei aspen bedding. The samples were collected twice in the bedding store and once in two different rooms for each species for 2 days. The numbers of animals in the rooms were as follows: 219 and 291 mice, 115 and 230 rats and 32 and 36 rabbits. The work activities during the measurements included normal care routines, i.e. cage=tray lling with bedding in the bedding store, cage=tray changing, animal handling and control of food and water. The stationary sampling sites were situated beside the racks being worked with, at the site of the exhaust air outlets, and at the height of the workers' heads. Concentrations of airborne particles under 4 mm (respirable dust) were monitored with an aerosol monitor (Dust Trak, model 8520). A 10 mm Nylon Dorr-Oliver Cyclone was used to sample the particles. Stationary samples of inhalable dust and endotoxins were collected with Institute of Occupational Medicine (IOM) samplers for one hour during the work activities. Dust samples were taken on membrane lters, and endotoxin samples on sterile glassbre lters with the use of calibrated pumps (SKC 224) at an air ow rate of 2.0 l=min. The dust concentrations were analysed gravimetrically. Before the endotoxin analyses, the lter samples were extracted with 10 ml of non-pyrogenic water in sterile non-pyrogenic glassware by horizontal shaking (90 shakes=min) for 60 min. All the extracts were centrifuged at 1000 rpm for 10 min. A 50 ml aliquot of the supernatant was analysed in duplicate for the presence of endotoxin with a kinetic LAL method.
Results
Dustiness of different beddings
The dustiness of the different clean beddings varied greatly (Table 2 ). The dust concentra-tions measured were below 1 mg=m 3 in aspen chip beddings (Tapvei, BeeKay aspen) and in LIGNOCEL BK 8-15 bedding. The dustiness of beddings LIGNOCEL 3-4, and BeeKay Litterite ranged between 2 and 4 mg=m 3 . In the bedding LIGNOCEL HBK 1500-3000, the dust levels were remarkably higher than in the others, on average 25 mg=m 3 .
The dust concentration of the bedding used in mouse cages was at the same level as in clean Tapvei bedding (<0.1-1 mg=m 3 ); it was decreased with LIGNOCEL 3-4 (0.5-2.9 mg=m 3 ) and LIGNOCEL HBK 1500-3000 (4.6-7.3 mg=m 3 ) beddings; and increased with BeeKay Litterite beddings (5.7-8.6 mg=m 3 ) ( Table 3 ). The weight increase of dirty bedding compared to clean bedding was similar in all materials tested. The increase in volume was, however, greater with LIGNOCEL 3-4 and BeeKay Litterite beddings. The food intake of animals was similar with all bedding types (Friedman). The growth of the animals, however, varied signi cantly (Pˆ0.032, Friedman), being greatest with LIGNOCEL 3-4 bedding and lowest with LIGNOCEL HBK bedding.
The dustiness of the beddings used in the rat cages remained similar to that of clean bedding in the case of BeeKay Litterite (2.7-4.0 mg=m 3 ), reduced with LIGNOCEL 3-4 (0.9-1.5 mg=m 3 ) and LIGNOCEL HBK 1500=3000 (4.2-4.8 mg=m 3 ) and increased with Tapvei bedding (2.2-3.7 mg=m 3 ) ( Table 4 ). The change in the weight of the bedding was similar with all bedding materials, but the increase in volume was greater with LIGNOCEL 3-4 and BeeKay Litterite beddings. The food intake or growth of the animals did not differ with the different beddings (Friedman).
Contaminants in the aspen chip bedding samples
The total concentrations of the viable microbes and endotoxins found are shown in Fig 2, the fungal genera or groups found are listed in Table 5 .
In the clean bedding samples, the concentrations of mesophilic fungi varied from 1800-212 000 cfu=g. The fungi found were mainly yeasts. The other fungal genera were Cladosporium and Sphaeropsidales groups. The concentrations of different genera varied greatly in the different samples. Moreover, non-sporing isolates were found in four samples. The concentrations of mesophilic bacteria in In the bedding taken from the mouse cages, the fungal concentrations were 270-36 000 cfu=g. Here also, yeasts were found most frequently, but also Aureobasidium, Penicillium and Cladosporium were found repeatedly. Non-sporing isolates were also common. In three cages, the concentrations of mesophilic bacteria were over 6 500 000 cfu=g (upper limit of the analysis method), the two other samples contained considerably lower concentrations. No actinobacteria were found. One of the samples contained species of Mycobacterium avium complex. The concentrations of microbes in the soiled beddings were not signi cantly higher than the concentrations in clean bedding. The same was also true for endotoxins (2600-3700 ng=g, 32 000-46 000 EU=g; P > 0.05, Dunnett).
Fig 2 Concentrations of mesophilic fungi, bacteria and endotoxins in clean (CC1-5) beddings and beddings used in mouse (MC1-5), rat (RC1-5) or rabbit (RbC) cages for 3 days. The bedding used was Tapvei aspen chips
In the rat cages, the bedding contained fungi at concentrations of 450-4 300 cfu=g. Yeasts were found in all samples, the other genera found were Aureobasidium, Cladosporium, Mucor and Penicillium. The concentrations of mesophilic bacteria were remarkably low in the rat beddings, 64 000-400 000 cfu=g. No actinobacteria were found. Mycobacteria were found in two samples, their concentrations being 160 and 1100 cfu=g. The isolates were Mycobacterium simiae-like organisms, but they could not be identi ed at the species level by the techniques used. The concentrations of endotoxins were signi cantly lower in the bedding used by rats than in the clean bedding (340-1300 ng=g, 4200-17 000 EU=g; Pˆ0.037, Dunnett).
The fungal concentrations in soiled rabbit beddings were 180-4800 cfu=g. Yeasts were found in all samples, and Cladosporium in one of them. The bacterial concentrations were all over the 6 500 000 cfu=g, being signi cantly higher than in clean bedding (Pˆ0.001, Dunnett). No actinobacteria or mycobacteria were found. The concentrations of endotoxins were at the same level as in clean beddings (620-2500 ng=g, 7800-31 000 EU=g; Dunnett).
When the concentrations of microbes or endotoxins in the beddings were compared between the different animal species, there were no differences in the concentrations of mesophilic fungi. The mesophilic bacteria concentrations differed singi cantly between rat and rabbit beddings (Pˆ0.000, Dunnett). The concentrations of endotoxins were signi cantly higher when used in the mouse cages than in the rat or rabbit cages (Pˆ0.000 and 0.020, Dunnett).
Airborne concentrations of dust and endotoxins
The respirable dust (<4 mm) monitored with Dust Trak before, during and after the working period showed that the dust levels were low (data not shown). In the mouse rooms and rat room with 115 animals the concentrations measured before the working period were near zero. During the working period, the concentrations in one mouse room increased occasionally to higher levels, up to 39 mg=m 3 . In general, however, the concentrations remained below 10 mg=m 3 . In the rat rooms, working caused a more stable increase in the concentrations, the highest being 17 mg=m 3 in the room with 230 animals. In this room the concentrations seemed also to stay at a higher level after the working period. In the rabbit rooms, the concentrations before the work procedures were in general below 5 mg=m 3 . Working in the rooms increased the concentrations to 5-15 mg=m 3 . The highest dust concentrations were found to be in the bedding store, where clean bedding was put into the cages. The average levels were between 20-40 mg=m 3 during the The concentrations of inhalable dust and endotoxins were low both in the bedding store and in the animal rooms (Table 6 ).
Discussion
Dustiness of beddings
The dust content of bedding is presumably a critical factor determining the amounts of particles spread into the air, i.e. the exposure of humans (and animals) to allergens or other contaminants. Accordingly, an improved method for evaluating the quality of hardwood animal bedding products has been suggested, including now also the measurement of dust amounts (Thomas et al. 2001) . Some bedding manufacturers give these data for their products nowadays. The research on occupational risk factors in work with laboratory animals is focused on allergens (ILAR 2001) which, like microbes, are carried on particles spread into the ambient air from animals and bedding. Exposure to allergens has been found to differ, depending on bedding type: contact bedding in rat cages caused approximately three times higher allergen concentrations in the animal room air than non-contact bedding (Gordon et al. 1992) . Sawdust bedding resulted in greater variation of rat allergen concentrations with higher maximal levels than wood chips (Platts-Mills et al. 1986 , Gordon et al. 1992 .
Previously, dust content as well as dust generation of different beddings have been compared by Potgieter and Wilke (1996) : the <300 mm particle content of pine shavings and vermiculite was 18 and 8 times greater, respectively, than that of eucalyptus pulp. The activity of mice on the bedding resulted in the lowest particle production with eucalyptus pulp bedding (0.017 g); pine shavings produced nearly three times more particles (0.047 g) and vermiculite ve times more (0.087 g). These results cannot be compared to those of the present study because of the different sampling methods.
The initial dust of the beddings is probably generated into the air as a result of the activities of the animals: after cage change, mice and rats are usually more active, and the bedding is thus mixed thoroughly. Thereafter the dust content of the bedding may rise due to particles becoming detached from the animals, their food and dispersion of bedding particles. The dustiness of soiled beddings differed, depending on the bedding and the animal species. In the mouse cages, the dust levels generated from Tapvei aspen chip bedding remained the same as in the clean samples, whereas in the rat cages they were increased. Presumably rats produced more dusty material than mice, and the binding capacity of this bedding was not enough to bind all of it. The dust levels from LIGNOCEL 3-4 bedding decreased when used in both mouse and rat cages. Hence, the capacity of this bedding type to bind dust particles seemed to be better. This bedding was also the lightest, both when clean and soiled, thus presumably making it easier to handle. Moreover, the greater weight gain of mice with this bedding may re ect its suitability for their welfare. The pellet type bedding of BeeKay Litterite had higher amounts of dust particles after use in mouse cages (pellets dispersed), but not in rat cages. The high initial amounts of dust generated from LIGNOCEL HBK 1500=3000 were remark- ably reduced when used in animal cages. When soiled, this bedding seemed to have similar dustiness characteristics to BeeKay Litterite: the concentrations were similar, and use in mouse cages resulted in greater amounts of dust than in rat cages.
Contaminants of bedding
Mesophilic viable bacteria and fungi as well as endotoxins were found in both clean and dirty aspen bedding samples. There was variation in the amount of contaminants, especially fungi and bacteria, in the individual samples. The same kind of microbial and endotoxin contamination in wood chip bedding was found by Ewaldsson et al. (2002) . The results showed that all these compounds may exist in the environment of laboratory animals. Hence, they may present a possible occupational health risk for laboratory personnel.
The high hygienic and ventilation requirements of modern laboratory animal units should, however, keep this risk relatively low. There were no great differences in the contaminant concentrations in the beddings used for the different animal species. In general, however, rat bedding seemed to have lower concentrations of microbes and endotoxins than the others. This may be due to the inhibitory effect of faeces and urine on the microbial growth with high ammonia and pH levels. Previously, fungal growth has also been reported to be lower in rat bedding used in lter-top cages (Pernu et al. 2000) . The fungal genera found in the present study were common environmental fungi, which, however, may also grow on water-damaged building materials (Hyvä rinen et al. 2002) and thus be associated with indoor-related health problems.
Airborne dust and endotoxins
The concentrations of inhalable dust measured in the indoor air of the animal rooms were minimal when compared to the Finnish 8 h occupational exposure limit (OEL) for organic dust (5 mg=m 3 for 8 h and 10 mg=m 3 for 15 min; Finnish Ministry of Social Affairs and Health 2000). The respirable dust (<4 mm) concentrations were also low in our animal rooms. The low amount of dust particles is not surprising due to the effective ventilation in the animal rooms, the recommendation being 15 times in an hour (European Convention 1990) . Similar low levels of dust in laboratory animal facilities have also been found by Nieuwenhuijsen et al. (1994) (range 0.05-6.81 mg=m 3 ) and Hollander et al. (1998) (0.11-0.64 mg=m 3 ). Both reports concluded that the dust concentrations were low and showed little variation in different sites and tasks, whereas the concentrations of rat and mouse allergens showed very great variation. The correlation between the dust and allergen concentrations was rather weak (Nieuwenhuijsen et al. 1994) .
Low ambient concentrations of airborne contaminants in rooms do not necessarily mean low personal exposure. Besides the ventilation rate, the personal exposure to dust particles carrying airborne contaminants depends also on the personal behaviour during the tasks, the use of protection devices, the duration of tasks, local exhausts, etc. Personal sampling of rat allergens during tasks with high exposure, such as cage cleaning, feeding and handling of animals resulted in concentrations approximately 10 times higher than in the ambient air (Hollander et al. 1998) . Moreover, Kacergis et al. (1996) found that particle counts measured in the workers' breathing zone correlated well with allergen concentrations. They therefore pointed out that a particle counter can be used effectively in an animal facility to identify speci c activities that generate high levels of both particles and allergens.
The endotoxin concentrations were also minimal in the animal rooms, in accordance with our earlier results (Kaliste et al. 2002) . There are no of cial limits for occupational endotoxin concentrations in Finland. However, a guideline of 10 ng=m 3 has been given for the no-effect level of environmental endotoxins causing airway in ammation (Rylander 1997). The lowest recommended exposure limit for endotoxins is 5 ng=m 3 (Dutch Expert Committee on Occupational Standards 1998). Compared to these levels, the concentrations found in the animal rooms were low. However, here also one should be aware of the differences between the levels in the ambient air and in the personal breathing zone.
In summary, this study showed that the bedding of laboratory animals may contain different contaminants with possibly harmful health effects: i.e. bacteria, mycobacteria, fungi and endotoxins, which were all present in the beddings used for different animal species. The particle-generating characteristics of beddings may affect the exposure level of humans and animals to these contaminants via the respiratory tract. Moreover, adequate ventilation in animal rooms is needed to minimize the exposure.
